High speed solar wind streams (HSSs) are very efficient drivers of geomagnetic activity at high latitudes. In this paper we use a recently developed ∆H parameter of geomagnetic activity, calculated from the night-side hourly magnetic field measurements of the Sodankylä observatory, as a proxy for solar wind (SW) speed at monthly time resolution in 1914-2014 (solar cycles 15-24). The seasonal variation in the relation between monthly ∆H and solar wind speed is taken into account by calculating separate regressions between ∆H and SW speed for each month. Thereby, we obtain a homogeneous series of proxy values for monthly solar wind speed for the last 100 years. We find that the strongest HSS-active months of each solar cycle occur in the declining phase, in years 1919, 1930, 1941, 1952, 1959, 1973, 1982, 1994 and 2003. Practically all these years are the same or adjacent to the years of annual maximum solar wind speeds. This implies that the most persistent coronal holes, lasting for several solar rotations and leading to the highest annual SW speeds, are also the sources of the highest monthly SW speeds. Accordingly, during the last 100 years, there were no coronal holes of short duration (of about one solar rotation) that would produce faster monthly (or solar rotation) averaged solar wind than the most long-living coronal holes in each solar cycle produce.
Introduction
Solar wind (SW) speed is one of the most important factors in the solar windmagnetosphere interaction. Long-term averages of SW speed are strongly modulated by the occurrence of high-speed streams (HSSs), which are known to originate from coronal holes [Krieger et al., 1973; Gosling et al., 1976; Kojima and Kakinuma, 1990] . The occurrence of HSSs at the Earth's orbit maximizes during the declining phase of the solar cycle, when high speed streams from equatorward extensions of polar coronal holes often reach low heliographic latitudes and the ecliptic plane [Hakamada and Akasofu, 1981] . HSSs have a strong effect on geomagnetic activity especially at high latitudes and the auroral zone. For example, the occurrence of magnetospheric substorms is strongly modulated by the occurrence of HSSs [Tanskanen et al., 2005 [Tanskanen et al., , 2011 . Recently, Lukianova et al. [2012] showed that magnetic disturbances caused by HSSs can be seen even in annual means of the vertical magnetic field component (Z) on the polar cap and the horizontal magnetic field component (H) at auroral latitudes. HSSs include enhanced Alfvén wave activity, which lead to a repeated occurrence of substorms [Lyons et al., 2009] and energetic particles [Denton and Borovsky, 2012] . The HSS-related magnetic disturbances are mainly reflected in the westward auroral electrojet (WEJ), which is enhanced during substorms.
Lukianova et al. [2012] found that the highest intensity of WEJ occurred in 2003, in the declining phase of the solar cycle (SC) 23, leading to a major reduction of H at auroral latitudes and strengthening of Z within the northern and southern polar caps.
Mursula et al. [2015] exploited the strong correlation between the high-latitude magnetic disturbances and SW speed and reconstructed the annual means of SW speed from two D R A F T October 13, 2018, 7:04pm D R A F T 1930, 1941, 1951-1953, 1963, 1974, 1994 and 2003. In the early 1950s, high HSS activity continued for three successive years, with the highest yearly activity, up to 570 km/s, found in the year 1952. They noted that cycle 19, which marks the sunspot maximum period of the GMM, was preceded by exceptionally strong polar fields during the declining phase of cycle 18, which proves the Ω-mechanism (conversion of poloidal fields to toroidal fields) of the solar dynamo theory [Babcock , 1961] for this period of very high solar activity. The aim of this paper is to study the long-term evolution HSSs at monthly time resolution, using the same methodology as previously applied by Lukianova et al. [2012] and Mursula et al. [2015] . This paper is organized as follows. In Section 2 we present the data and introduce the ∆H parameter. In Section 3 we study the relation between monthly ∆H and SW speed. In Section 4 we present monthly proxies of SW speed. Discussion and conclusions are given in Section 5.
Data
We use hourly measurements of horizontal magnetic field at the Sodankylä geophysical around the regression line for the whole range of ∆H. This is better seen in the bottom panel of Fig. 1 which depicts the residuals of the regression, i.e., the differences between the measured and estimated monthly SW speeds. The homoscedasticity of the residuals guarantees that the standard least squares fit performs well and can be reliably used to reconstruct the monthly means of SW speed. Table 1 gives the regression coefficients and correlation coefficients for similar fits for each month.
Figure 2 depicts the regression coefficients (slope and intercept) for each month. Figure 2 shows that while the intercept varies very little from month to month, the relative variation in the slope is much larger. The slope maximizes during mid-winter (Dec and Jan) and Figure 3a shows the scatter plot of the actually measured SW speeds and estimated SW speeds (using the regression parameters in Table 1) 1919, 1930, 1941, 1952, 1959, 1973, 1982, 1994 and 2003 . These years are almost the same as the cycle peak years of the annual SW speeds from SOD (1918, 1930, 1941, 1952, 1959, 1974, 1984, 1994 and 2003 ; almost the same years were found in the GDH station as well) estimated by Mursula et al. (2015) . So, in 6 out of 9 cycles the cycle peaks for monthly and yearly peaks in the SW speed proxy occur in the same year. In two cycles they are found in successive years, when the high-speed stream forming the monthly maximum is very likely produced by the coronal hole which yields The fact that practically all of the highest monthly speeds are found during the same or adjacent years as the highest annual speeds implies that the most persistent coronal holes, which are responsible for the highest annual means of SW speed, are also the sources of the highest monthly SW speeds. Persistent coronal holes can live for several months (up to one year), whence the highest monthly SW speed value in one calendar year can, actually, be produced by a persistent coronal hole extending to or from the adjacent year, where it forms the annual maximum occurrence of high-speed streams (maximum of annual solar wind speed). These results imply that it is very unlikely that highest speed streams of roughly one-month (or solar rotation) duration would appear outside of the times when the most persistent coronal holes appear in the Sun. These uniform results also strongly support the method used here to estimate the monthly SW speeds from the ∆H parameter.
Discussion and conclusions
In this paper we have utilized the longest available high-latitude measurement of the geomagnetic field made at Sodankylä, Finland, and used a local night-time measure (∆H) of geomagnetic activity to estimate the strength of the westward auroral electrojet, which is a sensitive proxy of SW speed. We have calculated linear regressions between ∆H and SW speed separately for all months. Even at monthly timescale we find high correlations between the two parameters for all months, giving evidence that other factors in solar wind, especially the intensity of the interplanetary magnetic fields which is enhanced monthly averages of ∆H at Sodankylä. This supports the earlier studies which have shown the importance of the SW speed for substorm occurrence [Tanskanen et al., 2005] and high-latitude geomagnetic activity [Finch et al., 2008; Lukianova et al., 2012; Holappa et al., 2014a] .
The relation between ∆H and SW speed shows a clear seasonal variation so that during equinoxes the coupling is stronger, i.e., a given SW speed value yields a higher value of ∆H. This seasonal variation is most likely related to the semiannual variation of geomagnetic activity, mainly due to the equinoctial [Cliver et al., 2000] and RussellMcPherron effects [Russell and McPherron, 1973; McPherron et al., 2009] , which modulate the geoeffectiveness of HSSs. We take this seasonal variation into account by determining regression coefficients separately for different months.
Using the monthly regressions we have estimated the monthly means of the SW speed for the last 100 years . We find that the largest monthly SW speeds, i.e., the highest HSS-active months in each solar cycle occur in the declining phase of the cycle, in the years 1919, 1930, 1941, 1952, 1959, 1973, 1982, 1994 SW speeds. Accordingly, no short-term coronal holes are found that would be large or effective enough to produce the highest monthly SW speed of any solar cycle.
In seven months (May-June 1930 , February-March 1952 , April-May 1994 and June 2003 ) the monthly mean SW speed based on the ∆H proxy exceeded 550 km/s. All these months occur in years of the highest annual solar wind speed in the respective cycle (16, 18, 22 and 23) . This further supports the idea that coronal holes emitting fast SW speed indeed tend to be persistent and live longer than one solar rotation.
The temporal distribution of the highest SW speeds is interesting. We find strong HSS activity during the rather weak sunspot cycle 16, which compares with the HSS activity of the later, more active sunspot cycles. Thus, although the mean level of solar wind speed slightly changes (increases) with the long-term evolution of sunspot activity, the occurrence of the highest SW speeds (i.e., coronal holes) does not follow them very closely. 
